Purpose of Review In the USA, fewer than 1% of people with Chagas disease (CD) are diagnosed and treated. Patients and physicians confront significant barriers to initiating testing and treatment, which are not systematically available in the US health care system. What are these barriers and how can they be overcome? We discuss the broader challenges and state-level dynamics of CD in several of the US states with the highest burdened populations. Recent Findings The principal challenges for expanding access to testing and treatment include confusion surrounding testing procedures, limitations in available drugs and diagnostic tools, gaps in surveillance and epidemiological knowledge, low patient awareness, and, particularly, low awareness among providers. States have key differences concerning health care access, transmission dynamics, and programmatic resources. Local initiatives in Texas and California are discussed. Summary Reducing the burden of CD will require improvement of diagnostic capacity and treatment guidelines, significant strengthening of provider awareness, greater understanding of transmission dynamics, and provision of accessible health care to the diverse population at risk.
Introduction
Chagas disease (CD), one of the world's most neglected health conditions, is a leading cause of heart disease in the Americas, creating a greater burden in disability-adjusted life-years (DALYs) than any other parasitic infection, including malaria and Zika [1] . Caused by the protozoan Trypanosoma cruzi, CD affects over six million people across the globe, over 90% of whom are in Latin America, leading to over 7500 premature deaths annually. Additionally, CD exacts an immense global economic toll of 8 billion USD annually [2] . Despite these economic and public health implications, there has been little investment in research and development for CD, and the vast majority of people with the infection are undiagnosed and untreated.
CD is most commonly transmitted by blood-sucking triatomine insects, known as kissing bugs in the USA and by various names in Latin America (chinche besucona, vinchuca, barbeiro, pito, chipo). Congenital transmission occurs in roughly 5% of births to infected mothers in endemic areas and 2.7% in non-endemic settings [3] . Blood transfusion, organ transplantation, laboratory accidents, needle sharing, and oral transmission (through consumption of contaminated food and drinks) are additional transmission routes. CD has an acute phase following infection, which usually goes unrecognized because it is either asymptomatic or resembles common viral illnesses. This is followed by a chronic asymptomatic phase; however, typically decades after infection, 30-40% of those infected will develop life-threatening cardiac, gastrointestinal, or neurological complications.
In the USA, modeled estimates suggest there are between 326,000 and 347,000 Latin American-born individuals with T. cruzi infections. Additionally, autochthonous infections, which can potentially be transmitted by 11 different species This article is part of the Topical Collection on Chagas of US triatomines [4] , are increasingly being documented [5] [6] [7] . Transmission rates are thought to be lower in the USA compared to Latin America, due to different housing conditions, lower levels of vector domiciliation, and different vector feeding behaviors [4, 8] . However, the exact incidence and prevalence of CD caused by local triatomines remain unknown. Vertical transmission is another important pathway; estimates suggest 63-315 cases of congenital infection occur annually [9] , but thus far there is a marked absence of surveillance data.
In the USA, less than 1% of people with CD receive a clinical diagnosis, and an even smaller fraction receives antiparasitic treatment [10] . Studies suggest similarly low rates of coverage in Mexico and Colombia [11, 12] , while in Europe, less than 10% of people with CD are officially diagnosed [13] . A diverse web of barriers perpetuates the global neglect of the disease, including limitations in diagnostic and therapeutic tools, the genetic diversity of the parasite, and the social vulnerability of many people with the disease. In the USA, exclusion of many immigrants from health care, very low awareness of the disease in both health care providers and the at-risk populations, and immense gaps in screening coverage add to these challenges [9, 10] .
Currently, there are only two drugs effective against T. cruzi infection: benznidazole and nifurtimox. Both are effective at eliminating the parasite and have high cure rates for congenital, acute, and recent chronic cases [14] [15] [16] . Although efficacy is difficult to measure in chronically infected adults, studies have shown that treatment can reduce morbidity and mortality for this patient population [17] [18] [19] , and most guidelines therefore recommend offering treatment. Additionally, antitrypanosomal treatment of infected women of childbearing age has been shown to prevent future congenital transmission [20, 21] . The BENEFIT trial did not demonstrate a significant impact of treatment in patients with moderate to severe cardiomyopathy suggesting that it is critical to treat patients early, before the onset of cardiac involvement [22, 23] .
Access to Drugs and Diagnostics
Until recently, benznidazole and nifurtimox were only available from the US Centers for Disease Control and Prevention (CDC) through an investigational new drug protocol. The advantage to this was that the CDC served as a gatekeeper for diagnosis and treatment. They offered assistance with confirmatory diagnosis and provided medications at no cost to the patient. However, the bureaucratic processes necessitated by the protocol created challenges for providers [10] . Many physicians reported reluctance or inability to sign on to investigational protocols due to concerns over liability for their practices or institutions. In August 2017, benznidazole was approved by the U.S. Food and Drug Administration for use in children aged 2-12 years, and the drug was launched in May 2018 [24] . Although only 1% of patients with CD in the USA fall within this age range, clinicians can prescribe benznidazole off-label for other age groups. Providers can order benznidazole through an online pharmacy at www. benznidazoletablets.com, while nifurtimox is available through the CDC's investigational protocol. Making benznidazole commercially available in the USA and removing the bureaucratic process of the investigational protocol should increase physicians' capacity and willingness to treat. The drug is also available as a low or no-cost option to patients, alleviating financial barriers for uninsured or underinsured patients.
Although benznidazole is the preferred treatment for CD, having two antitrypanosomal drugs available is important because roughly 20-25% of patients are compelled to discontinue treatment due to side effects [25, 26] . In studies, US patients treated with benznidazole and nifurtimox experienced a mean of 3.5 and 8.2 adverse reactions, respectively [26, 27] . Patients who had more side effects per 30 days or who experienced moderate to severe side effects were more likely to discontinue treatment than were patients who did not have these experiences. Treatment is currently not recommended for patients over the age of 50 years (although patients up to age 60 years may be considered on a case-by-case basis) because of the potential for side effects and uncertain efficacy [28, 29] .
The availability of adequate diagnostic tools and protocols for CD diagnosis in the USA is another key concern [30] . Currently, only four CD assays have FDA clearance for clinical use; only one is a rapid test. No test has sufficiently high sensitivity and specificity to act as a stand-alone test, so diagnosis requires confirmatory testing with a second assay and, in case of discordance, a third. Complicating matters further, the available assays were largely developed with South American T. cruzi strains that are different from those affecting most of the US population with CD. The accuracies of the four available tests in a US clinical population are unknown. While the CDC has played a pivotal role in ensuring rigorous diagnostic confirmation, wider scaling-up of CD testing throughout the US health system may necessitate decentralization. Other key needs are developing an evidence-based diagnostic algorithm for US clinicians and identifying or developing new point-ofcare tests with sufficient specificity and sensitivity for the whole spectrum of patients and T. cruzi strains within the USA. This process may also involve obtaining regulatory approval for one or more Chagas tests not currently available in the USA.
Due to limitations in the current diagnostics, it is often confusing for physicians in the USA to decide which assays to choose for their patients. There have been several anecdotal reports of physicians telling their patients not to worry about a positive screening from a blood donation due to frequent false positives (over 75% of screened positives are eventually confirmed negative) [31] . Poor diagnostics can diminish risk perception, creating additional barriers for patients and physicians.
Cultural Considerations
Cultural differences between providers and patients have a crucial impact. Many CD patients speak English as a second language, whereas health care workers may not speak Spanish (or may not speak it well enough to discuss the complexities associated with a CD diagnosis). Language differences in combination with low provider familiarity with CD [32] [33] [34] can sometimes pose an insurmountable barrier to initiating treatment. Latin American patients may have different expectations about treatment goals than do providers trained within the US health care system. Importantly, "Latin Americans" are an incredibly heterogeneous group in terms of ethnicity, social class, nationality, and other factors, meaning there is not a "one-size-fits all" communication strategy. Many Latin American-born individuals prefer self-treatment with alternative or traditional remedies, although this has not posed a barrier to accepting biomedical treatment for CD among patients in Los Angeles [35] . Even in the USA, there are large regional differences in how Latino populations may perceive risk and choose to address CD. For example, in Texas, large populations of US-born Latinos living along the border cross into Mexico frequently for shopping, medical care, and family visits. There has been at least one case of a US citizen choosing to access testing and treatment for CD in Mexico as a cheaper and better alternative to treatment in Texas [36] .
Patients often describe a diagnosis of CD as upsetting and frightening [37] [38] [39] . Once diagnosed, they may feel ongoing anxiety about the impact of the disease. Depression has been associated with CD, particularly in patients who experience complications [40] . Some may feel it is better "not to know" if they have CD, since this knowledge would only be a source of worry, and courses of action to manage the disease are limited [41] . Because CD is often associated with rural poverty, patients may feel a diagnosis is stigmatizing, which could limit their comfort with getting tested or subsequently seeking care. The fact that CD is rarely discussed in news media (and even then frequently and inaccurately portrayed as an exotic disease brought by immigrants) only adds to the feelings of isolation diagnosed patients experience.
State-Level Comparisons
Access to treatment for CD in the USA is impacted by specific epidemiological, social, and political contexts, in addition to state and local health policies and health care capabilities. Table 1 compares epidemiological and public health indicators for California, Texas, Florida, and New York, the four states with the highest estimated burdens of the disease [42] . Roughly 60% of people with CD live within one of these states, which should be prioritized for implementation of new public health and surveillance programs. Because of ecological, geographic, and historical factors, Latinos might have a higher risk of CD and would therefore benefit from screening programs. Each state in Table 1 has a large population of Latin American-born residents. Moreover, three states are habitats for local triatomines, led by Texas, where at least eight species capable of transmitting T. cruzi can be found [4] . Texas is also the only state where CD is reportable [50] , although more patients were treated with benznidazole in California in recent years than in the other three combined [46] . The Medicaid expansion of 2014 is a key health care access indicator, because it permitted greater insurance coverage for immigrants and other socially vulnerable populations, including rural residents, who might be at risk for CD. While California and New York accepted the Medicaid expansion, it was rejected by Texas and Florida. In the latter two states, rates of uninsured are nearly double when compared to California or New York. In fact, Texas has the highest uninsured population in the country at 17% [51] . Nonetheless, in the present political climate, immigrants (both legal and undocumented, from Florida to California) have expressed increasing hesitation to sign up for publicly funded health care programs for fear they or their close relatives may suffer negative consequences [52] .
There has been limited on-the-ground epidemiological research to help further quantify and characterize the burden of CD in the four states, largely because systematic screening of CD does not routinely occur outside of blood donation and organ transplantation settings. Recognizing the importance of CD and the lack of understanding of the US prevalence, in 2015, the CDC funded three separate projects to address awareness. One project focused on access to treatment for immigrant populations in New York. The other projects were in Texas, one focusing on health care provider awareness and the other on congenital CD. As a result, Texas created a statewide taskforce to raise awareness and conduct outreach with physicians and health networks. The Texas Chagas Task Force has identified key barriers to accessing appropriate diagnosis and treatment for both physicians and patients [53] . Concurrently, mandatory reporting of CD in Texas has markedly improved collaboration between epidemiologists and healthcare providers, strengthening their efforts to raise awareness of CD. Meanwhile, in Los Angeles, the Center of Excellence for Chagas Disease at Olive View-UCLA Medical Center (CECD) has been conducting communitybased screening for CD and treating patients since 2007. Below, we discuss state-level public health and health care access dynamics for CD, focusing on Texas and California based on the experience of the Texas Chagas Task Force and the CECD.
California
In California, a large-scale screening program coordinated by the Center of Excellence for Chagas Disease at Olive View-UCLA Medical Center (CECD) found a CD prevalence of 1.24% among 4755 Latin American-born residents of Los Angeles [47] . The CECD observed an even higher prevalence (7.4%) in a sample of close relatives of previously diagnosed patients [54] . Further, the CECD identified a hidden burden of the disease among Latin American-born patients with nonischemic cardiomyopathy, pacemakers, and electrocardiogram abnormalities [55] [56] [57] . These studies suggest a significant impact of CD in Los Angeles, where up to 30,000 people may be affected.
Local Transmission Dynamics
Other research suggests limited autochthonous transmission also takes place in California. The first California case of vector transmission was reported in 1982 [58] . Autochthonous transmission was thought to be rare, but the national implementation of blood donation screening in 2007 has uncovered cases of CD that cannot be explained by other factors, such as residence or travel in Latin America. Since then, blood donor screening identified a probable case of vector transmission in the greater Los Angeles area [7] . Furthermore, research suggests triatomines as well as T. cruzi are commonly encountered in the natural environment, even near urban areas. Studies of T. protracta in southern California have found T. cruzi infection rates from 19 to 36%, while the rate was 55% in a sample from northern California [59, 60] . Other research indicated 20% of residents in Los Angeles's eastern suburbs had observed triatomines in their neighborhood, and 5% even collected triatomine samples for the researchers [61] .
Access to Treatment
CECD research highlights access challenges for people with CD in southern California [37, 62] . Los Angeles is home to 2.5 million Latin American-born residents; 79% are from Mexico and 12% from El Salvador [63] . Both in their home countries and in the USA, this population has had almost no exposure to health education campaigns or media messages about CD. A survey of 2677 Latin American residents of Los Angeles found 86% had never heard of CD, yet the majority recalled seeing triatomines, while 79% indicated they had lived or stayed in a home at least partly constructed of adobe (a known risk factor for CD transmission) while in Latin America [62] . This lack of exposure to information on CD keeps the disease hidden and suppresses demand for screening. An even more concerning issue is limited awareness of the disease among health care providers. Los Angeles CD patients who test positive after donating blood often report their physicians are unfamiliar with CD, which poses a significant barrier to commencing treatment [37] . Positive donors in Los Angeles County receive contact information for the CECD, but in other parts of the state, patients may face extreme challenges in finding a provider prepared to offer treatment. The CECD has treated patients from as far away as Sacramento.
Several California counties offer basic health insurance options to cover people who would not otherwise be able to obtain coverage. This has had a positive impact in enabling low-income patients in Los Angeles to begin treatment. Nonetheless, some of these programs have reported significant declines in enrollment since 2017, as immigrants have felt heightened concerns that enrolling in such programs will entail negative repercussions for themselves or family members. In one local county-sponsored program, 23% of participants actually discontinued their insurance coverage in 2017, although it is unknown how many of those who unenrolled were Latinos [52] . Moreover, patients who are privately insured sometimes report significant delays in obtaining authorization of coverage for treatment, simply because insurers may not be familiar with CD. Even if patients incur no costs for treatment, other significant barriers must be considered. A qualitative study with 50 CECD patients found that the majority lived below the poverty line; lack of transportation and time off from work (either to go to appointments or to manage side effects from antitrypanosomal drugs) were cited as major impediments to health care access [37] .
Texas
In 2013, CD became a reportable condition in Texas. As a result, between 2013 and 2016, a total of 91 cases were confirmed by the Texas Department of State Health Services (TxDSHS). Of those cases, 67% were imported, 22% were local transmissions, and 11% had unknown transmission sources [64] . A recent study of blood bank data from Texas estimated a statewide CD prevalence of one per 6500 Texans [65] . Although there have been few large-scale screening programs conducted in Texas, there have been significant efforts to create collaborative partnerships to increase vector surveillance and risk communication on the disease. The Texas Chagas Task Force was created in 2015 through CDC funding. The Task Force, consisting of researchers, public health agencies, entomologists, veterinarians, and health care providers in both military and civilian communities, represents a collaborative effort to raise awareness of CD and create a statewide network to support improved screening and treatment.
Local Transmission Dynamics
Reports of triatomine activity in Texas date back to as early as the 1930s [60] . The first autochthonous transmission of CD in Texas was documented in 1955 in a 10-month-old girl from Corpus Christi [66] . Due to environmental factors and vector prevalence, local transmission occurs in Texas. Multiple studies have consistently shown over 60% prevalence of T. cruzi infection in local triatomines [67, 68] . At least eight different species of triatomes have been found in Texas; the four major species are Triatoma gerstaeckeri, Triatoma indictiva, Triatoma sanguisuga, and Triatoma protracta woodi. In several studies on infected vectors, blood meals from multiple mammalian hosts have been found, particularly dogs, suggesting a higher risk for domestic transmission cycles in Texas [6] . In a 2013 study, shelter dogs across seven ecologic regions in Texas were tested and found to have a statewide average seroprevalence of 8.8% [69] . CD was a reportable condition in animals between 2013 and 2015, with 439 reports of canine CD during that time [64] . CD in animals is no longer a reportable condition, possibly due to limited resources to handle the large inflow of reports. Although there is sufficient evidence supporting autochthonous transmission potential in Texas and limited evidence to show it is occurring [59] , there is still relatively little screening in human populations.
Access to Treatment
There has been only limited research on access to treatment for people with CD in Texas since there are currently no largescale screening or treatment programs in place. Baylor College of Medicine has been actively engaged in research projects to screen and treat CD patients in Harris County, Texas; however, funding constraints make it challenging to provide consistent, adequate screening coverage to all at-risk populations.
Large gaps in insurance coverage and high rates of noncoverage make it a challenge for Texans to access screening and treatment for CD. The Texas Chagas Task Force has worked closely with health care provider networks across the state to elevate awareness of CD, but it often confronts the problem of physicians not having the capacity to screen uninsured individuals. On multiple occasions, low-cost or free clinics (including Federally Qualified Health Clinics) were targeted for outreach due to their patient base being at a higher risk for undiagnosed CD. The majority of these clinics stated that they were unable to support a screening program due to the costs of testing, intensive management resources needed for treatment if a positive case is found, and the belief that prevalence was not high enough to warrant the allocation of valuable resources.
Another concern is low provider awareness. People have repeatedly contacted the Task Force requesting support after their provider told them that the letter they received from the blood bank with a positive result for CD was not concerning because (1) CD is not present in the USA and/or (2) it is probably a false positive result and nothing further needs to be done [53] . However, in a recent mixedmethods study looking at CD knowledge, attitudes, and practices among Texas providers, the majority believed that CD is under-diagnosed in Texas. Also, when given a short questionnaire on general knowledge regarding CD and protocols for treatment, the average score was 52 out of 100 [70] . Infectious disease specialists had the highest level of awareness; the most frequently incorrect questions across practices pertained to treatment options. Qualitative results indicated that infectious disease specialists were mainly concerned with screening and access to drugs for treatment, while cardiologists were more concerned with language barriers and quality of the diagnostics. This study illustrates the need for a common screening, diagnostic, and treatment protocol for physicians that can be easily accessed, with greater transparency in diagnostic research to help physicians improve their practices.
Vector Identification
The general public and providers have reported several other anecdotal stories through the Task Force regarding a general lack of knowledge of the vectors. In Texas, there are a variety of "look-alike" species that are often confused for triatomines. This confusion has led to wasted time and resources along with unnecessary alarm in people regarding a possible exposure. In 2018, the Task Force produced a publication called "The Kissing Bug and Chagas Disease Guide: What You Need to Know" that is aimed at a general audience in locations where there is potential for local or imported transmission [71] . This guide and similar materials can also serve as communication tools for physicians to discuss risks with their patients. It is hoped that with increased proper identification of the vector and improved knowledge among providers, more testing will occur and help improve understanding of the prevalence in the USA.
Impact on a Texas US Military Installation
The US military has been a primary and active partner in the development of the Texas Chagas Task Force and is aware of current and potential risks to service members (SMs), both domestically and abroad. Surveillance of CD with the military first came about as a result of multiple military working dogs (MWDs) requiring medical attention attributable to cardiomyopathy, later diagnosed as CD. A study was then conducted to assess seroprevalance in MWDs, which was 8% among the MWDs housed and trained at Joint Base San Antonio (JBSA-Lackland) in San Antonio, Texas [72, 73] . Unpublished data from another study conducted on the same military base found that 57% (n = 75) of 131 triatomines collected were T. cruzi-positive, with 33% (n = 25) testing positive for human blood [74] . These data prompted the initiation of new administrative, technical, and personal protective measures to protect SMs and MWDs against exposure during field training exercises at JBSA-Lackland. Additionally, this information also prompted an ongoing voluntary screening study at JBSA-Lackland to test basic military trainees (BMTs) at the beginning and end of their training sessions at the installation. This screening program, however, was implemented after protective measures were put into place, and there have not been any cases of transmission occurring on JBSA-Lackland to date [73] . It has been recommended that additional vector surveillance and testing for CD be conducted on military training installations throughout the southern USA in an effort to surveil training environments that may present hazardous exposure to our military populations. There are currently inconsistent policies and protocols across the armed services on how to address positive cases when discovered among SMs, leading to possible discharging of personnel when they are found to be positive. Additionally, military physicians face similar barriers to those facing civilian populations, including low awareness of the disease [75] .
Florida
Although autochthonous transmission has not been documented in Florida, one study found that 54% of raccoons and 52% of opossums collected from Florida were seropositive [76] . A survey of 181,139 Miami-area blood donors from 1994 to 1998 found a seropositive rate of 1 in 9000, which is over three times higher than the national average [5, 48] . Although there have not been further epidemiological studies, AABB data indicate that most seropositive donors are clustered in Southeast Florida in the Miami-Fort Lauderdale corridor, with another cluster in Central Florida. Moreover, probable congenital transmission has been reported in Miami (the patients, two brothers born in the USA to a Bolivian mother, had grown to adulthood, but other transmission routes were ruled out) [77] . The population at risk for CD in Florida differs substantially from at-risk populations in California and Texas; Cubans and Puerto Ricans, who make up much of Florida's Latino population, are not at high risk for CD. In contrast to California and Texas, Mexico and Colombia are the most common endemic countries of origin, accounting for about 13% of Florida's immigrant population [78] .
New York
An analysis of blood donors in the New York metropolitan area from 2007 to 2009 showed that there were 70 seropositive individuals and an overall state prevalence of 0.0083%; among donors self-identified as Hispanic/Latino, there were 52 seropositive individuals and a 0.052% prevalence. There was a cluster of positive results in eastern Long Island [79] . In another state-level study from 2007 to 2011 of over one million donors, 204 donors were positive on enzyme-linked immunosorbent assay, 77 of whom were confirmed positive by radioimmunoprecipitation assay. The study showed that 29 of the seropositive individuals had donated blood prior to the implementation of screening of the blood supply, and 2 likely cases of transfusion transmission were identified [80] . However, like Los Angeles, New York appears to have a hidden burden of Chagas cardiomyopathy. A hospital-based study found that 5 of 39 (13%) Latin America-born patients with nonischemic cardiomyopathy were positive for T. cruzi [49] , highlighting the value of targeted surveillance in this state's high-risk patient population. New York's Latin America-born population is also unique; the largest country of origin, the Dominican Republic, is considered nonendemic. However, about 10% of New York's immigrants come from two endemic countries: Mexico and Ecuador [81] .
Conclusion
Numerous interrelated barriers prevent over 99% of CD patients in the USA from accessing diagnosis and treatment. These barriers include not only limitations in the currently available drugs and diagnostics, but also substantial gaps in epidemiological surveillance, limited awareness among providers and patients, and limited information resources for the public. While states share these challenges, contexts differ significantly in terms of transmission dynamics, affected populations, and health system resources. Table 2 highlights key actions needed to overcome major barriers in all states. While the Texas Chagas Task Force and CECD have begun to confront these issues on a small scale, more resources and a broad response from the public health system are urgently needed, with the goal of assuring systematic screening programs and wider availability of treatment in primary health care. Such screening programs will depend on diagnostic tools and procedures capable of accurately detecting infection in the diverse range of the US population affected by CD. Screening of CD is cost-effective [82] and benefits society by reducing the heavy burden of the disease. Importantly, resources should be available to help newly diagnosed patients cope with concern and anxiety surrounding CD. Finally, while CD affects all sectors of society, it is most prevalent among vulnerable groups Studies to better understand the burden of the disease in both urban and rural areas of the southern USA, along with the incidence of autochthonous transmission among higher risk populations. Few providers offering treatment.
Development of a statewide and/or national network of providers capable of offering treatment, along with a website where people can quickly identify nearby providers for testing and treatment. Low provider awareness.
Increased health education measures and protocols for providers and greater incorporation of CD diagnosis and treatment in state medical schools.
Low patient awareness. Public education program to raise awareness, especially among the Latin American-born population, and to stimulate demand for testing.
Absence of screening programs. Routine screening program, ideally through primary care clinics, throughout the states identified as having the most-at-risk populations.
Limitations in current diagnostic capabilities.
Identification of a testing algorithm with high sensitivity and specificity for identifying patients infected with T. cruzi strains present in the southern USA, Mexico, and Central America.
Access challenges for vulnerable at-risk populations.
Use of mobile clinics or telemedicine to help screen and treat people in rural areas.
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